A collection of Campylobacter fetus strains, including both C. fetus subsp. fetus and C. fetus subsp. venerealis, were phenotypically identified to the subspecies level and genotypically typed by PCR and amplified fragment length polymorphism (AFLP) analysis. Phenotypic subspecies determination methods were unreliable. Genotyping of the strains by PCR and AFLP showed a clear discrimination between the two subspecies.
Campylobacter fetus can cause disease in both animals and humans. This species is divided into C. fetus subspecies fetus and C. fetus subspecies venerealis on the basis of biochemical differences (16) . C. fetus subsp. venerealis appears to have a restricted host species specificity and may cause fertility problems in cows. C. fetus subsp. fetus, on the other hand, is commonly recovered from the intestinal tract of a number of animal species and may cause abortion and infertility in sheep and cattle. It can also cause serious systemic disease in humans (13) . Testing for bovine C. fetus infection and subtyping of isolates are statutory requirements for the import and export of bovine semen and embryos (1) . Subspecies differentiation of C. fetus is generally done on the basis of growth in the presence of 1% glycine (12) . However, glycine tolerance can be mediated by phages (2), and differences in the glycine tolerance of a C. fetus strain have been described (7) . Other tests, such as selenite reduction and cefoperazone resistance, are considered only indicative (9, 15) . Therefore, the phenotypic assays, on which the discrimination between these two subspecies is based, are considered to be poorly robust.
Genotyping techniques have been successfully developed for the genus Campylobacter (17) . Recently, the use of amplified fragment length polymorphism (AFLP) analysis for genotyping C. jejuni and C. coli has been described (5, 6). The discriminatory power of this technology is comparable to that of pulsed-field gel electrophoresis (3). The aim of this study was to determine the value of AFLP typing, biochemical typing, and typing by PCR (8) for subtyping C. fetus.
Bacteriology. Sixty-nine bacterial strains from three geographical regions were grown at 37°C under microaerobic conditions (6% O 2 , 7% CO 2 , 7% H 2 , 80% N 2 ). For discrimination between C. fetus subsp. fetus and C. fetus subsp. venerealis, growth in the presence of 1% (wt/vol) glycine was determined. Forty-seven of the strains were typed as C. fetus subsp. fetus, and 22 were typed as C. fetus subsp. venerealis (Table 1) . However, for eight strains, the results of the glycine test were not consistently reproducible and were difficult to interpret. Difficulties associated with phenotypic tests for differentiating between C. fetus subsp. venerealis and C. fetus subsp. fetus are well recognized (9, 10) . As the biochemical tests are unpredictable, alternative methods of subspecies differentiation have been investigated.
PCR subtyping. A subspecies-specific PCR was performed as previously described (8) . Of the PCR primers, one primer set was directed to both C. fetus subspecies (Ϯ750 bp), whereas another primer set only amplified a C. fetus subsp. venerealisspecific band (142 bp). All strains showed the C. fetus-specific band. In general the results are consistent with the phenotypic tests. However, 7 of the 54 C. fetus subsp. fetus strains identified by PCR were negative for growth on 1% glycine. In these cases the PCR results were supported by data from the AFLP, suggesting that strains were mistyped by the biochemical method. Interestingly, these seven strains were part of a group of nine strains from South Africa. These results may indicate some evolutionary distinction between C. fetus subsp. fetus strains from South Africa and those from other geographical regions. Unfortunately, appropriate clinical data were not available for these strains to determine whether this difference was host, disease, or epidemiology related. Conversely, 1 out of the 15 C. fetus subsp. venerealis strains (98/v445) identified by PCR was positive for growth on 1% glycine. For this strain, the biochemical typing and PCR results were inconsistent and the AFLP results did not correlate with the PCR. This strain was also tested in a routine immunofluorescence assay but did not react with C. fetus-specific antiserum. It appears that this strain shows aberrant behavior phenotypically as well as genotypically.
The molecular basis of this PCR test and the relevance of this DNA difference to disease presentation are currently unknown. Although the PCR subtyped only one C. fetus subsp. fetus strain as C. fetus subsp. venerealis, it should be clear that the consequences of such a mistyping may be serious for import and export of animals and the veterinary health status of a country. In the original study that described the PCR, two isolates typed as C. fetus subsp. venerealis were considered C. fetus subsp. fetus by a probabilistic identification score (8) . Before this PCR assay can be recommended as a stand-alone test for statutory test purposes, more strains should be typed.
AFLP subtyping. AFLP typing was performed according to the adapted PE Applied Biosystems protocol previously described (5). The obtained AFLP pattern consisted of approximately 55 to 60 bands in all strains (Fig. 1) . Differentiation was initially based on the whole profile that clustered all the C. fetus subsp. venerealis strains together and divided the C. fetus subsp. fetus strains into several clusters. Using cluster analysis on only a small region of the pattern (Fig. 1) improved the discrimination between C. fetus subsp. venerealis strains and the C. fetus subsp. fetus clusters. The patterns showed extensive homology, which may therefore restrict the use of this technique for typing individual strains. This was partly shown by fingerprinting isolates obtained from two outbreaks. For C. fetus subsp. venerealis, isolates from the outbreaks were not clustered separately from unrelated strains, whereas strains from a C. fetus subsp. fetus outbreak could be separated, but only when the whole pattern was analyzed (data not shown).
On the basis of previous DNA-DNA hybridization and taxonomic studies, the division of C. fetus into two subspecies has been questioned (4, 14, 18) . Nevertheless these subspecies have clear differences in clinical presentation. The AFLP, which samples the whole bacterial genome, appears to support the subspecies differentiation. The evidence from the PCR and AFLP for DNA differences between these two subspecies is now compelling. Whether these differences are relevant to the pathophysiology of this group of organisms has yet to be determined. Our results confirm previous attempts to subtype C. fetus strains using molecular techniques. Pulsed field gel electrophoresis also showed relatively homologous patterns among different C. fetus strains although some evidence of subspecies differentiation has been described (10, 11) . In conclusion the results of this investigation indicate that biochemical assays currently used for differentiation of C. fetus subspecies are unreliable. In contrast, a recently developed PCR technique may have considerable value in routine diagnosis. However, more isolates have to be tested to have an indication about the incidence of aberrant strains. AFLP analysis was shown to be a suitable method for subspecies differentiation.
